and possibly in other areas of Utah. Eleven wells in the NHC/FR field have penetrated the productive Jurassic Entrada Sandstone interpreted to be associated with the coastal erg-margin. This interpretation came about from close examination of amplitude time slices from a 3D seismic data set, analysis of the associated well logs, and previous field studies ( Marc Eckels, Wind River Resources, personal communication, 2005) . Ancient erg-margins are of particular interest because of their potential to contain large, high quality reservoirs. Further, erg-margin sandstones have been recognized as potential stratigraphic and combination hydrocarbon traps especially when they are laterally associated with muddy, marine-influenced facies (Vincelette and Chittum, 1981; Fryberger et al., 1983; Fryberger, 1986; Chan, 1989; Mariño and Morris, 1996) . High potential for further development of this play may exist along a north-south trend extending from the Uinta basin through southern Utah.
The Entrada Sandstone was deposited by an extensive erg in the Jurassic (Callovian) Western Interior of the United States . Bordering the Entrada erg to the north was a shallow marine sea (Sundance Seaway) while to the west there were sabkha and intertidal mudflats (Kocurek, 1981a) . The western erg-margin eolian deposits are commonly found interbedded with marine and mudflat deposits. This western coastal erg facies, as interpreted by Kocurek (1981a) , contained simple dunes including small scale irregular crescentic dunes with frequently flooded interdune areas.
The Entrada is widely recognized as an example of a wet eolian system where the water table is close to the surface with the capillary fringe at or near the interdune surface (Kocurek, 1981b; Fryberger et al., 1983; Marzolf, 1988; Carr-Crabaugh and Kocurek, 1998; Mountney, 2004) . In these conditions accumulation occurs with rises in the water (Kocurek, 1981a; Caputo and Pryor, 1991; Peterson, 1994) . Entrada erg-margin sandstones exposed in outcrop along the east flank of the Waterpocket Fold near Capitol Reef National Park appear to be isolated sandstone bodies enveloped within an "earthy" facies ( Fig. 1) . The earthy facies around the sandstone bodies are dominated by dirty sandstones, siltstones, mudstones, and beds of gypsum nodules. Since these outcrops appear to be analogs for reservoirs in the NHC/FR field, they were chosen as a case study area. In order to better constrain the location of this coastal erg-margin, a literature search was completed for articles discussing the location of the coastal erg-margin trend of the Entrada Sandstone in Utah. Using our own knowledge of the Entrada system and articles from Kocurek (1981a) , Kocurek (1986), Blakey (1988) , Peterson (1988) , Anderson and Lucas, (1994) , and Peterson (1994) , along with the paleogeographic maps they provided, a fairway map was created that approximates the location of the Entrada erg-margin in Utah (Fig. 2) . 
METHODS
Outcrop characterization was initially studied by looking at the sandstone body geometries through panoramas and by measuring stratigraphic sections in 12 locations over the extent of the outcrop. For more information on the sandstone body dimensions, three high resolution seismic reflection surveys were completed in locations where the case study outcrop extended into the subsurface. For reservoir quality information of the outcrop sandstones, facies were closely studied and thoroughly sampled for laboratory analysis. Finally, well log data from the NHC/FR field was examined and compared to data from the case study. (Fig. 4) . As can be seen on the panoramas, drainages cutting between sandstone bodies are backfilled with alluvium causing the bodies to appear isolated from each other. Though some of the sandstone bodies may be separated stratigraphically from the others, we believe that many of them are actually connected in the subsurface. Due to thicknesses (up to 21-25 m in the South Field) and close lateral proximity of the sandstone bodies, it is very likely that they do connect in the subsurface.
First, the 2.5 km outcrop was separated into two fields, labeled as the North Field and the South Field (Fig 3) . Further, it is apparent that the sandstone bodies become stratigraphically higher to the south. Figure 4a shows that SF-1 and SF-2 are over 15 m below the Curtis Formation-Entrada Sandstone contact while SF-4 and SF-5 are either just below it or right at the contact. To better visualize this relationship, stratigraphic sections were measured from the base of the exposed outcrop of each sandstone body up through the Curtis Formation. Due to the simple transgressive erosion surface (Peterson, 1994) Based on our interpretation in Figure 5 , we believe that all of the South Field sandstone bodies connect in the subsurface. Because all of the outcrop sandstones have eolian characteristics, with the exception of a few interdune facies, one dune complex initiating near SF-1 and migrating to the south over time could have deposited all of the outcrops in the South Field. Continuity between sandstone bodies, as described in our interpretation, dramatically increases the reservoir size of the South Field.
The North Field sandstone bodies are notably more isolated than those in the South Field (Fig. 5 ). In the North Field, several smaller dune complexes are separated from each other. For example, NF-1, NF-2, and NF-6 appear completely disconnected from the other sandstone bodies while NF-3 through NF-5 appear connected. Our seismic interpretation (see below) suggests that NF-1 may also be connected to another southward migrating dune complex at the southern end of seismic Line 3. Thus, similar southward-migrating dune complexes are interpreted to be present both in the North Field and the South Field.
Paleocurrent data also indicates a southeastward wind direction and dune migration pattern ( Fig. 6 ). These measurements were collected from three dimensionally exposed foreset laminations over the extent of both fields and corrected for regional dip using the method given in Sedimentary Structures by Collinson and Thompson (1982) . Lindquest (1988) details how cross-strata dip direction dispersion patterns can indicate dune morphology, and shows that the pattern we found represents the deposits of a barchan dune. Also using dip direction dispersion patterns, Kocurek (1981a) found that the Entrada erg-margin in northern Utah had crescentic dune morphologies (of which barchans are a subset). We believe the shoreline of the Namib Desert in South Africa (Fig. 7) is a modern analog to our study area and illustrates what these Entrada erg-margin dune complexes may have looked like during deposition. Using LANDSAT imagery, Lancaster (1983) mapped out dune morphologies in the Namib sand sea. More than 200 km of coastline where found to have crescentic dune morphologies with restricted interdune areas (Lancaster and Teller, 1988) which is similar to what was interpreted in the ancient Entrada coastal erg-margin.
Seismic Survey
From the measured sections and panoramas we obtained good 2D constraints on the geometry and connectivity of the sandstone bodies in both fields. In an effort to obtain a third dimension to the sandstone body geometries, 2D seismic reflection surveys tend to have flat to rounded tops with an overall dome-like shape. This sort of surficial geometry could be due to erosional relief, reworked relief or inherited relief (original topography). These relationships are commonly found along the Entrada-Curtis contact (Reese, 1981; Vincellette and Chittum, 1981; Fryberger, 1986; Eschner and Kocurek, 1986; Kocurek, 1988, and Cheich and Kocurek, 2000) and are discussed thoroughly by Eschner and Kocurek (1986; .
The three seismic surveys indicate that dune complexes continue at least 0.5 km to the north and east. However, in only one case are we able to connect seismically imaged sandstone bodies to those of the outcrop (two sandstone bodies at the southern end of Line 3 with NF-1; Figure 10 ). There is the possibility that some of the bodies found in Lines 2 and 3 connect. Both of these lines image bodies with similar morphology and size that are relatively close to each other. 
Rock Body Volumes
High and low estimates of reservoir volumes were calculated based on outcrop measurements. The high case scenario assumes that sandstone bodies SF-1 through SF-5 are in communication and represent a dune complex. The length of the exposure is approximately 1.3 km, the thickness is an average of the maximum measured thickness of the five bodies (20.5 m), and the lateral extent of the dune complex is estimated at 0.5 km based on the interpretation of sandstone bodies being present in seismic Line 1 (which is set back 0.5 km from the NF exposures). Given the possibility that the sandstone bodies extend further than 0.5 km into the subsurface, or are thicker in places, the high case scenario could be significantly underestimated. The low case scenario assumes that NF-6 is completely isolated from other sandstone bodies. The length of the exposure is only 28 m, the thickness is assumed to be one half of its maximum thickness (9 m), and the lateral extent into the subsurface is 250 m. The resulting volumes are 470 million cubic feet for the high case scenario and 1 million cubic feet for the low case scenario.
These two scenarios illustrate the high variability of subsurface reservoir size that may be expected in the Entrada erg-margin. Based on outcrop work and 2D seismic interpretation, we suggest that there is a positive relationship between the thickness of a given sandstone body and the potential that it is associated with a large dune complex.
The smaller the thickness of a sandstone body, the more likely it is isolated from a large dune complex. Also of note is a thin channel-form sandstone associated within the tidal flat. It is visibly in communication with the NF-1 sandstone body in the North Field and it may connect to other displaced sandstone bodies behind the outcrop. A clean channel sandstone could add significant reservoir volume to these dune complexes.
SAMPLING RESERVOIR QUALITY
Facies were identified and sampled over the extent of the outcrop in order to gain information about the reservoir quality of the rocks being studied. Abbreviations for all of the facies are outlined in Table 1 . Not all of the sampled facies are present in both the (Fig. 12) .
In order to accurately describe and understand these facies, bulk samples were collected from each facies for grain size and thin section analysis. Thin sections were prepared from all of the facies. A 300 point count analysis was completed on each thin section in order to calculate the porosity as a percent, to classify each facies, and to recognize important petrologic features. Core plugs were collected with a 1 inch diameter core drill for porosity and permeability tests. Unfortunately, core plugs were only extractable from the basal ripple laminated facies. These plugs were analyzed with a TerraTek 8400 Dual Porosimeter/Permeameter. Multiple coring attempts from all other facies failed due to the extreme friability of the sandstones. Because of the inability to extract core plugs from other facies, a field mini-permeameter (TinyPerm II Portable Air Permeameter) was used for permeability measurements. These measurements were taken by chipping off the weathered surface of the outcrop and sampling fresh outcrop surfaces. The well log calculated porosity values from the NHC/FR field are significantly less than those found from sample analyses of the case study outcrop. The best Entrada reservoir quality zones of Log 2 have 10.2-12.9% porosities (calculated from density porosity curves) while Log 3 has 14.8-16.1% porosities whereas the majority of the outcrop facies have porosities that range around 23-27%. This variation is primarily attributed to cement reduction from weathering of the exposed outcrop.
WELL LOGS

Well Log Analysis
The NHC/FR field well logs (Fig. 13) show that Entrada sandstones are sealed on the top and bottom by the siltstones and mudstones of the Curtis and Carmel Formations, respectively. Interestingly, the NHC/FR field is producing gas in only certain sections of the Entrada Sandstone. By looking at the gas crossover effect displayed in Figure 13 , compartmentalization of the gas-bearing zones is readily notable. It is this relationship, along with the amplitude time slice viewing of 3D seismic data in the NHC/FR field and previous studies that initiated the idea that the productive Entrada sandstones were coastal erg-margin deposits (Mariño and Morris, 1996; Marc Eckels, personal communication 2005) .
It is notable that while Log 2 has gas crossover almost throughout the entire Entrada section, Log 3 has crossover in only two smaller zones. The GR curves of Log 2 appear much sandier relative to Log 3. Log 3 likely represents a section with more mudstones and reworked sandstones which would allow for greater compartmentalization of the gas-bearing zones. The variation throughout these well logs is probably due to their relative position in the erg-margin (whether it is more seaward or landward). The
Entrada sections of the case study are best correlated with Log 3, due to the more shalerich nature of the well log ( Fig. 14) Figure 13. Three well logs from the NHC/FR field that display the entire Entrada section. The logs are hung from the top of the Entrada Sandstone. To better display the muddier intertidal sections on the well logs, all zones between the 70 CPS line and the GR curve were shaded yellow with a sandstone pattern. Neutron and Density Porosity curves were plotted and shaded where they cross to highlight the gas effect. To aid correlation, all gas effect zones were plotted as the vertical red lines to the right of the GR curve seen in Track 1. The shale base-line for Log 1 is ~120 API units, Log 2 ~130 API units, and for Log 3 ~135 API units.
Outcrop Scintillometer Curves & Log Correlation
Scintillometer (gamma ray) readings were taken at approximately 1.5 ft intervals along the same sections of outcrop used for detailed measured sections. These scintillometer readings were plotted as curves and tied to the measured sections so that the outcrop could be better compared to the NHC/FR field well logs (Fig. 14) .
The generated scintillometer curve reveals high and low GR kicks within the Entrada (with high kicks occurring in between the clean eolian sandstone bodies) while the Curtis Formation generally displays higher GR kicks. The well logs in the NHC/FR field show a similar response in the Curtis Formation on top of cleaner Entrada Sandstone with intermittent silty sections marked by higher GR kicks. An apparent difference between the scintillometer curve and Log 1 was the large positive kicks (high GR counts)
found in the Entrada section of the outcrop. Log 1 does not display such large positive kicks. However, other well logs, especially Log 3, do show large positive kicks in the Entrada. For example, the high kicks from 11190 to 11200 ft on Log 3 could represent a siltier/muddier section very similar to the ones found in outcrop (Fig. 14) . Further, there are several smaller positive kicks in the well logs that mimic the scintillometer GR responses found across the alternating beds of interdune sandstones and cleaner trough cross-bedded sandstones (Fig. 14) . We believe most of the smaller GR kicks in Logs 1 and 3 were produced by more silt-and mud-rich interdune deposits. Because the NHC/FR field well logs appear to be sandier relative to the case study outcrop, they likely represent a location in the coastal erg-margin that is closer to the erg proper. We expect that the case study outcrop represents a more seaward position on the erg-margin where finer silts and muds could be deposited in the more frequently flooded interdunes. This relationship is visible in Figure 2 , with the NHC/FR field being located on the eastern edge of the erg-margin and the case study area towards the center.
Because the Entrada is recognized as an example of a wet eolian system where the water table is close to the surface (Kocurek, 1981b; Fryberger et al., 1983; Marzolf, 1988; CarrCrabaugh and Kocurek, 1998) accumulation and preservation of interdune deposits occur with rises in the water table (Carr-Crabaugh and Kocurek, 1998; Mountney and Jagger, 2004) . We speculate that because of the NHC/FR field's close proximity to the main body of this wet eolian system, it had greater sand supply and its preserved interdune deposits were sandier.
With decreased mud and silt intermixed with the sandstones of NHC/FR field, there could still be significant barriers and baffles throughout the Entrada section that would cause compartmentalization. In fact, just below eolian sandstones in the outcrop, water deposited ripple laminated sandstones like the BRL interdune facies have permeabilities up to two orders of magnitude lower than the eolian facies. A drop in permeability, as seen between these facies, may easily produce a baffle in the subsurface.
BARRIERS
Although at least nine facies are recognized within and associated to the eoliandominated sandstone bodies, the vertical succession of these facies produces no barrier to fluid flow within the reservoir. Enveloping mudstones, above and below the sandstone bodies, act as excellent hydrocarbon seals (Fig. 15a) . In some instances eoliandominated Entrada sandstone bodies may be in communication with the thin sandstone stringers of the Curtis Formation, but the Curtis sandstone that was sampled gave a low permeability of 1.5 mD. In general, the Curtis Formation, consisting of rippled silty facies deposited on a subtidal to intertidal platform, is overlain and sealed by silt-and mud-rich, restricted, evaporite deposits of the Summerville Formation (Caputo and Pryor, 1991; Anderson and Lucas, 1994) . (Fig. 15b) . The throw on the faults are on the order of a few centimeters.
Lateral barriers exist at the edges of the eolian-dominated sandstone "fields" as the sandstones pinchout into tidal flat mudstones and siltstones. However, this may not happen immediately at the edge of the eolian-dominated sandstones as there is some evidence that tide-reworked sandstones exist laterally to the eolian-dominated sandstones.
BAFFLES Faults
High angle faults exist in the case study sandstones but they have minimal throw
(1 m or less) and only extend up to 9 m over the outcrop (Fig. 15b) . Close investigation of the fault revealed a sandstone to sandstone contact with little to no visible grain-size reduction or cementation along the fault plane. Because the faults do not cross any argillaceous zones and have sandstone to sandstone contacts, they likely act as fluid conduits rather than baffles or barriers (Gibson, 1994; Antonellinni and Aydin, 1995; Garden et al., 2001) . However, this is not true of many fractures which leave open the possibility that cementation and deformation bands could potentially baffle or prevent fluid communication across fractures.
Fractures
One fracture was observed in outcrop that is cemented with quartz (Fig. 15c ).
This quartz-filled fracture stands out in relief relative to the surrounding sandstone and has an average width of 1 cm. The fracture extends obliquely over the extent of the outcrop. The quartz classification is based on the optical properties of the cement as seen in thin section (Fig. 16a) and indicates that the case study sandstones reached burial temperatures up to 80°C where quartz cementation can be reached (Dutton, 1997; Walderhaug, 1994) . In thin section it is obvious that the porosity is reduced but not entirely obliterated. Mini permeameter data revealed a significant decrease in permeability in the fracture relative to the ambient rock. The ambient rock is an eolian facies with permeabilities around 818 mD perpendicular to foresets and 1218 mD parallel to foresets. The permeability taken on the face of quartz-filled fracture only measured as 95.5 mD. These types of fractures undoubtedly act as significant baffles and possibly even barriers at subsurface depths where hydrocarbons may exist. There are also many deformation band zones over the extent of the outcrop that exhibit moderate relief from the ambient rock. In these fractures the grains have undergone cataclasis, creating thin bands of silt-sized particles (Figs. 15d, 16b ). This cataclasis (grain crushing) typically occurs in porous granular materials and involves porosity collapse and grain fracturing in a tabular zone of localized shear strain Davatzes and Aydin, 2003; Tindall, 2006) . In general, deformation bands are widely recognized as natural barriers to fluid flow causing compartmentalization of reservoirs (Lindquist, 1988 . Many studies have found that deformation bands can reduce reservoir permeabilities from one to three orders of magnitude below that of the matrix Fowles and Burley, 1994; Garden et al., 2001; Rawling et al., 2001; Sternlof et al., 2004; Tindall, 2006) . However, a couple of the studies found that joints cutting across the deformation band zones could connect and allow flow between compartmentalized reservoirs (Davatzes and Aydin, 2003; Tindall, 2006) . The bands found in outcrop are 1-2 mm thick and are present in swarms up to 10-15 cm in width that cut vertically across the entire outcrop (without the presence of cross-cutting joints). The total slip along each deformation band is 1-3 cm while over the whole zone the total slip is on the order of decimeters. The outcrop mini permeameter data shows a decrease in permeability across the fracture relative to the ambient rock. In this case, the highly bioturbated ambient rock gave a permeability of 2197.7 mD while the zone of cataclasis measured as 757.7 mD (Table 1 ). This decrease in permeability is very significant though not enough to create a barrier. However, it is possible that at depth permeabilities could be much lower and flow could be inhibited.
Facies and Bounding Surfaces
Baffles probably do exist within the eolian-dominated sandstone bodies especially when the BRL interdune facies is present. The contact between this facies and those above represents a first-order bounding surface (Kocurek, 1988; Boggs, 2001) , which likely acts as a baffle. The BRL facies displays the lowest permeability within the sandstones (varying between bodies 27.5 -310.7 mD). This reduction in permeability can be attributed to the clay-rich laminae recognized in the thin sections of this facies (Fig. 16c ). Ver Hoeve (1982) suggests that clay coatings found in the Entrada developed preferentially in facies where the grains undergo the least abrasion, such as sand sheets and interdunes. The pore spaces within the clay-rich laminae have clay fibers bridging across pores connecting the grains (Fig. 16d) . Previous studies on the diagenetic history of the Entrada Sandstone (Ver Hoeve, 1982; Orhan, 1988; Orhan, 1992) indicate that the bridging clay fibers observed are likely smectite and occurred as an early diagentic phase.
Besides the clay-rich laminae reducing permeability, the facies bounding surface work of Mayo et al. (2003) , Holman (2001) , and Black (2000) demonstrates that permeability across a facies contact is generally lower than the ambient permeability in either of the facies above or below the contact. One would expect a significant drop in permeability across the contact of two facies even though neither facies is impermeable.
Therefore, laterally extensive, horizontal facies contacts may act as baffles to flow. The baffling effect would be more pronounced in reservoirs filled with liquid hydrocarbons than those charged with natural gas. 
CONCLUSIONS
